While specific recognition of antigens is the basis of acquired immunity to infection, the simultaneous activation of irrelevant T lymphocytes has long been hypothesized to contribute to the induction of autoimmunity (27) . The notion of bystander activation was supported by the detection of cross-reactive T cells after infection (3, 31) and by the appearance in infected lesions of transgenic T cells with receptors of irrelevant specificity (11) . The extensive proliferation of T cells during viral infection also suggested bystander activation, since it greatly exceeded the numbers of specific cells estimated in limiting dilution assays (46) . However, the more recent use of tetramers to estimate specific cells led to the conclusion with lymphocytic choriomeningitis virus (LCMV) infection (6, 30) and listeriosis (5) that between 50 and 70% of activated cells can be accounted for by known epitopes from the infecting virus or bacterium. Furthermore, transgenic T cells with receptors of irrelevant specificity showed no expansion when transferred to LCMV-or vaccinia virus-infected hosts (6, 50) . In their work transferring LCMV-specific transgenic T cells to mice infected with vaccinia virus or Listeria monocytogenes, Ehl at al. (13) concluded that bystander activation only accounted for about 1/200 of the specific cytotoxic T lymphocytes and that it was mediated by cytokines.
It is indeed possible to show, both in vivo and in vitro, that cytokines typically induced by infection can lead to nonspecific activation, particularly of memory phenotype CD8 ϩ T cells (46) . The cytokines involved are notably alpha/beta interferons (IFN-␣/␤) (45) as well as IFN-␥, interleukin-12 (IL-12), IL-15, and IL-18 (46) . Such cytokine-mediated activation of CD8 ϩ T cells has been suggested to provide an early defense against infection (23, 48) .
As in viral infection, Mycobacterium avium infection in mice results in a surprisingly high proportion of T cells with an activated phenotype (26) . M. avium organisms occur ubiquitously in the environment and possibly induce subclinical infections which are readily controlled by most normal individuals. It is the commonest bacterial infection in untreated AIDS patients (33) , and a high incidence of M. avium infection in certain families led to the recognition of immunodeficiencies in IL-12 and IFN-␥ activity in humans (36) . Mycobacteria are facultative intracellular organisms that survive within macrophages, and immunity requires augmentation of macrophage bactericidal activity by IFN-␥, produced classically by CD4
ϩ , but possibly also by CD8 ϩ T cells (38) . In a mouse model of M. avium infection, it has previously been shown that both CD4 ϩ and CD8
ϩ T cells proliferate in infected tissues (25) and can be activated in vitro to produce IFN-␥ (16) . Judged by intracellular cytokine (ICC) staining, approximately 10% of both CD4 ϩ and CD8 ϩ T cells produce IFN-␥ at the height of the response. However, while depletion of CD4 ϩ T cells exacerbates infection (34) , depletion of CD8 ϩ T cells does not (2, 39) . This is in contrast with experimental Mycobacterium tuberculosis infection, where depletion of either CD4 ϩ T cells or CD8 ϩ T cells exacerbates infection (15, 29) . Thus, there is a question mark over the function of CD8 ϩ T cells in M. avium infection. In addition, because these organisms represent an exogenous infection, antigen is not presented by the cytosolic pathway to CD8 ϩ T cells in vitro. Hence, stimulation of the T-cell receptor (TCR) with anti-CD3 was used to demonstrate recall of IFN-␥ production in vitro by CD8 ϩ T cells. Anti-CD3 shows strong preference for stimulating cells already activated in vivo (7), but its use, rather than antigen recall, means that the specificity of the CD8 ϩ T cells is unknown. The possibility that the activated CD8 ϩ T cells are bystander cells rather than being specific for the infecting organism was therefore considered.
To investigate this possibility, T cells from transgenic mice expressing TCRs which recognized an irrelevant antigen were transfused into infected mice. Host and transferred cells were distinguished by the markers Ly5.1 and Ly5.2, respectively. We report here that the percentage of CD8 ϩ T cells activated was similar for host and transgenic cells, indicating bystander activation. This is in marked contrast with similar experiments with virus-infected mice (6, 13, 50) . The mechanism appeared in some respects to be analogous with homeostatic proliferation, the process that maintains T cells numbers outside the thymus at constant levels and involves low-affinity stimulation of the TCRs by self peptides (17) . Homeostatic proliferation is particularly evident when T cells are transferred to T cell-depleted recipients, but in this case proliferation was clearly driven by infection and not depletion. Preparation of lymphocytes for adoptive transfer. Lymph nodes (LN) (inguinal, axillary, brachial, superficial cervical, deep cervical, mesenteric, mediastinal, and lumbar) were aseptically removed from uninfected WT C57BL/6 and transgenic mice. Single-cell suspensions were obtained by gently teasing each LN apart with a fine forceps and passing it through 80-gauge and 80-mesh stainless steel sieves. Cells were washed thoroughly, and 5 ϫ 10 7 cells per mouse, approximately equivalent to 1 donor per recipient, in 200 l of phosphate-buffered saline were injected intravenously into Ly5.1 recipients. When Rag Ϫ/Ϫ OT-I cells were transferred, 7 ϫ 10 6 lymphocytes were injected per mouse because of the reduced cell numbers recovered from these mice. In some experiments, CD44 hi (memory phenotype) cells were removed from OT-I LN preparations prior to transfer by being stained with 5 g of rat anti-mouse CD44 monoclonal antibody (MAb) (IM7; PharMingen)/ml, followed by fluorescein isothiocyanate (FITC)-conjugated anti-rat immunoglobulin (Silenus), then by being washed and excess conjugate absorbed with 1% normal rat serum. The cells were then stained with phycoerythrin (PE)-conjugated rat anti-mouse CD8 MAb and sorted on a MoFlo modular flow cytometer (Cytomation, Inc., Fort Collins, Colo.).
MATERIALS AND METHODS

Mice
Recovery of transferred cells for analysis. Unless otherwise indicated, WT B6 or transgenic cells (both Ly5.2) were injected into 6-week-infected and uninfected B6 Ly5.1 recipients and recovered 2 to 3 weeks later. All LN and spleens were then aseptically removed from each recipient, and single-cell suspensions were obtained by gentle passage through an 80-gauge and 80-mesh stainless steel sieve. Cells from three mice in each group were pooled and resuspended in Tris-NH 4 Cl to remove red blood cells (4) . Cells were washed thoroughly and passed twice through nylon wool columns to deplete B cells (20) .
ICC staining. ICC staining was used to determine the frequency of IFN-␥-producing CD8 ϩ T cells among the Ly5.1 (host) or Ly5.2 (transferred) populations, according to previous methods (21) . Briefly, T cells were stimulated with protein G-purified immobilized anti-CD3 MAb (145-2C11; 3 g/ml) (8) in the presence of 2 M monensin (PharMingen, San Diego, Calif.) for 6 h at 37°C. Cells were stained with 2 g of CyChrome-conjugated anti-mouse CD8 MAb (53-6.7)/ml, in conjunction with 5 g of FITC-conjugated anti-mouse CD45.2 (104) MAb/ml specific for Ly5.2. The labeled cells were fixed, permeabilized, and then stained with 2 g of PE-conjugated anti-mouse IFN-␥ MAb (XMG1.2)/ml. For HY experiments, cells were also stained with a biotinylated anti-mouse TCR clonotype MAb (T3.70) followed by streptavidin-CyChrome to detect HY-specific cells. In these experiments, CD8
ϩ cells were detected with 2 g of antigenpresenting cell-conjugated anti-mouse CD8 MAb (53-6.7)/ml. Cells were analyzed by flow cytometry with FACSort and CellQuest software (Becton Dickinson, San Jose, Calif.). Routinely, 5,000 CD8 ϩ CD45.2 ϩ events were collected, and analysis gates were set on lymphocytes according to forward and side scatter properties. In all experiments, unstained cells and cells stained separately with each fluorochrome were included to optimize compensation settings. Specificity was determined with cells stained with the appropriate isotype control or with streptavidin-CyChrome complex alone. Results are expressed as the percentage of IFN-␥-producing cells in the host (CD45.2 Ϫ ) or transferred (CD45.2 ϩ ) CD8 ϩ lymphocyte population. Proliferation of transgenic cells. In some experiments, LN cells from OT-I mice were labeled with 5 M carboxyfluorescein succinimidyl ester (CFSE) (Molecular Probes, Eugene, Oreg.) and washed thoroughly before adoptive transfer of 5 ϫ 10 7 cells into B6 recipients. Two weeks later, spleen and LN cells were harvested and purified as above; the intensity of CFSE staining, an indicator of proliferation (24), was analyzed by fluorescence-activated cell sorting (FACS).
Quantitative analysis of IFN-␥ transcripts. Spleen cells pooled from two 6-to 8-week-M. avium-infected or uninfected mice were stained with FITC-conjugated anti-CD4 and PE-conjugated anti-CD8 for sorting on a modular flow cytometer. Total RNA was extracted from 2 ϫ 10 6 CD4 ϩ and CD8 ϩ cells with an RNeasy mini kit (QIAGEN, Valencia, Calif.). Reverse transcription and cDNA amplification was performed with a one-step reverse transcription-PCR kit (ABI Prism Systems, Foster City, Calif.) with predeveloped primer-probe reagents specific for 18S RNA or IFN-␥. The real-time PCR conditions consisted of 48°C for 30 min, 95°C for 10 min, and then 40 cycles of 95°C for 15 s and 60°C for 1 min; they were run on an AB17700 real-time PCR machine (Applied Biosystems, Foster City, Calif.). Results were detected using Sequence Detector (Applied Biosystems) software, and relative differences were determined using the ⌬ct method according to the instructions of Applied Biosystems, in which 18S RNA is used as the standard against which other measurements on each sample are made.
RESULTS
Nonspecific activation of CD8
ϩ TCR transgenic cells. LN cells from B6 or OT-I transgenic T cells (both Ly5.2) were transferred to uninfected or 6-to 8-week-infected B6Ly5.1 mice at an approximate ratio of 1 donor per recipient. The donor OT-I cells were 49% CD8 ϩ ; of these, 98% expressed the transgenic V␣2 chain. In contrast, B6 cells were 28% CD8 ϩ , and only 10% of these were V␣2
ϩ . Spleen and LN cells were harvested 3 weeks later, and cells from three mice were pooled to obtain enough cells to work with. The cells were stimulated in vitro with anti-CD3 before being stained for CD8, Ly5.2, and intracellular IFN-␥. The cells were gated for CD8 expression and analyzed for IFN-␥ production by host and donor T cells (Fig. 1) . Both B6 and OT-I cells became activated to produce IFN-␥ upon transfer to infected hosts, with 15% or more of CD8 ϩ T cells producing the cytokine. In normal mice, less than a third of this number was activated. While the necessary pooling of cells within groups precluded any statistical analysis, the results were absolutely reproducible in three experiments and consistent throughout the study.
Even without deliberate antigen stimulation, T cells of the hidepleted cells or undepleted cells were transferred to uninfected or 8-week-infected B6Ly5.1 mice, and production of IFN-␥ was measured 2 weeks later. Depletion of the CD44 hi cells had no effect on the percentage of IFN-␥-producing CD8 ϩ cells among those transferred (Fig. 2) . It is conceivable that activation of TCR transgenic T cells could be due to recognition of M. avium peptides by a second receptor on T cells (49) . To test this possibility, OT-I Rag Ϫ/Ϫ mice in which a second receptor cannot be rearranged were used as donors for transfer to normal or 8-week-infected mice. LN cells from OT-I Rag Ϫ/Ϫ mice were 82% CD8 ϩ , and 98% expressed the V␣2 ϩ TCRs. Again, there was substantial bystander activation upon transfer into infected mice (Fig. 3) .
Similar experiments using cells from gBTI.1 mice, whose T cells are specific for the immunodominant antigen of HSV, showed that these cells were also activated to produce IFN-␥ upon transfer to an infected host (Fig. 4) , indicating that the apparent bystander activation was not due to a fortuitous cross-reaction between OVA and an M. avium antigen.
A third receptor specificity tested was that of HY transgenic mice (43) . While all the T cells in HY mice express a single, transgenic V␤8.2-containing TCR chain, only one-third to onehalf of the CD8 T cells also express the transgenic V␣3 chain (43) . Dual expression of these two transgenic TCRs imparts upon the T cell specificity for the male-specific HY antigen in the context of H-2D b and reactivity with the MAb T3.70, which detects a clonotypic determinant on the transgenic ␣ chain (43). Cells from B6 or HY mice were transferred to 6-weekinfected or uninfected B6Ly5.1 mice, and 3 weeks later spleen and LN cells were harvested for analysis of IFN-␥ production. ϩ CD8 ϩ cells were gated, very few IFN-␥-producing cells could be detected (Fig. 5) . Unlike most other TCR transgenic T cells, HY T cells also failed to undergo homeostatic proliferation upon transfer into T cell-depleted female recipients (43), a failure which is interpreted as reflecting a deficiency in the recognition of lowaffinity cross-reactive peptides in the periphery (17) .
Requirement for costimulation. LN cells from WT B6 or CD28
Ϫ/Ϫ B6 mice were transferred to uninfected or 8-weekinfected B6Ly5.1 mice. The CD28 Ϫ/Ϫ mice lack the CD28 molecule, which acts as a costimulator for the TCR. Two weeks later, spleen and LN cells pooled from three mice were enriched for T cells. They were then stimulated in vitro with anti-CD3 before being stained for CD8, Ly5.2, and intracellular IFN-␥. The cells were gated for expression of CD8 and analyzed for IFN-␥ production by host and donor T cells (Fig.  6 ). B6 cells transferred to infected mice showed levels of IFN-␥ production equivalent to those of the host cells. In contrast, CD28
Ϫ/Ϫ B6 cells were not activated, with only 2.1% producing IFN-␥ despite 12.9% of host CD8 ϩ cells becoming activated in the same animals. In uninfected hosts, only 1 to 2% of the cells produced IFN-␥. Therefore, there appeared to be a requirement for costimulation through the TCR via CD28 for CD8 ϩ T cells to become activated.
Proliferation of transferred cells and production of IFN-␥.
To investigate the relationship between proliferation and IFN-␥ production, OT-I cells were CFSE labeled and transferred to 7-week-infected and uninfected B6 mice. The intensity of CFSE labeling is halved each time a cell divides (24). 
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Two weeks later, cells were recovered from spleens and LN and enriched for T cells. Half of the cells were subjected to in vitro stimulation with an anti-CD3 MAb, while the other half were cultured without anti-CD3. The cells were then stained for CD8 and intracellular IFN-␥. Cells were gated for CD8 expression before analysis. Figure 7A shows the production of IFN-␥ in relation to proliferation, as reflected in the serial halving of CFSE intensity. Without anti-CD3 stimulation in vitro, no IFN-␥ was detected (results not shown). Anti-CD3 stimulation did not affect the CFSE profile (Fig. 7B ). When cells from infected mice were analyzed without anti-CD3 activation, 23% of OT-I cells showed serial halving of CFSE over 2 weeks. This percentage increased only marginally to 26% when analyzed after anti-CD3 stimulation, once again showing that 6-h exposure to anti-CD3 did not induce significant further proliferation. In uninfected hosts, only 6% of the cells had divided during the 6-week period. When IFN-␥ production was assessed following stimulation with anti-CD3, it was found that 9% of OT-I cells produced IFN-␥ when transferred to infected mice, equivalent to the response of infected host CD8 ϩ cells (8%) and more than double the percentage of OT-I cells in uninfected animals. Interestingly, while divided cells were more likely to produce IFN-␥, division was not required. Proliferating cells showed twice the rate of IFN-␥ production compared with that of nonproliferating (15% versus 7%, respectively). However, 58% of the IFN-␥ producers had never divided.
Role of T-cell depletion in proliferation. It is known that transfer of T cells into mice which have been depleted of T cells results in homeostatic proliferation and activation to produce IFN-␥ upon in vitro stimulation (18) . Since the behavior of T cells transferred into infected mice was reminiscent of homeostatic proliferation, the question arose as to whether the observations were an artifact of a depletion of T cells during infection. We considered this an unlikely explanation, since T cell numbers are constant up to 10 weeks postinfection with M. avium (16, 25) . Nevertheless, to rule out this possibility, B6 or OT-I cells were transferred to 6-week-old B6Ly5.1 mice, half of which were infected 1 day later. At 6 weeks postinfection, the cells were nylon-wool purified and stimulated in vitro with anti-CD3 MAb for analysis of IFN-␥ production. At this time, transferred OT-I cells represented 3% of all CD8 ϩ T cells, while transferred B6 cells comprised 4% of the population, quite adequate to analyze IFN-␥ production (Fig. 8) . Of host CD8 ϩ T cells, 7 to 7.5% produced IFN-␥, while 6.3% of trans- IFN-␥ production in vivo by CD8 ؉ T cells. All the above observations on IFN-␥ production required the in vitro restimulation of recovered T cells. It was therefore possible that only partial activation occurred in vivo, and this was completed to the point of IFN-␥ production only following further stimulation with anti-CD3 MAb. Therefore, to study the in vivo relevance of this phenomenon, spleen cells were recovered from 6-to 8-week-infected mice or uninfected mice. The cells were immediately FACS sorted into CD4 ϩ and CD8 ϩ populations of more than 99.5% purity. Real-time PCR was used to determine the relative expression of mRNA specific for IFN-␥ (Fig. 9) . Normal CD8 ϩ cells, being the lowest producers, were used to set the baseline. Normal CD4 ϩ T cells produced marginally more IFN-␥-specific mRNA, while CD8 ϩ T cells from infected mice produced approximately 250-fold more than background levels. This represented only 1/16th of the amount produced by CD4 ϩ cells from the same mice. This ratio varied from 1/12 to 1/22 in three experiments, an order of magnitude higher than the 0.05% (1/200) contamination of CD4 ϩ T cells among the sorted CD8 ϩ . It was therefore concluded that CD8 ϩ T cells were activated in vivo, at least to the extent of proliferating and expressing IFN-␥-specific mRNA.
DISCUSSION
Exogenous antigens derived from bacterial infection are expected to activate CD4 ϩ but not CD8 ϩ T cells. Indeed, CD4
ϩ IFN-␥-producing T cells are central to protection against experimental infection of mice with M. avium, while CD8 ϩ T cells have no obvious role (2, 39). Nevertheless, 10 to 12% of CD8 ϩ T cells are activated to produce IFN-␥ upon in vitro restimulation with an anti-CD3 MAb (16) . The present experiments strongly suggest that activation of these CD8 ϩ T cells is nonspecific. Importantly, CD8
ϩ T cells show an activation phenotype, proliferate in vivo in M. avium-infected mice (26) , and contain significant amounts of mRNA specific for IFN-␥ directly ex vivo, establishing the in vivo relevance of this model.
The basic experimental system used to demonstrate bystander activation was the transfer of TCR transgenic T cells to B6 mice harboring an established infection. Intranasal infection of B6 mice does not activate their T cells until about 5 to 6 weeks later (16, 39) , presumably because it takes some time for this slow-growing organism to release enough antigen and trigger cytokines. Therefore, the transgenic cells were generally transferred at this time point. Both CD8 ϩ OT-I cells specific for the OVA 257-264 peptide and gBTI-1 cells specific for the immunodominant epitope of herpes simplex virus, gB [498] [499] [500] [501] [502] [503] [504] [505] , were activated to produce IFN-␥ upon transfer to infected but not uninfected mice, making a fortuitous cross-reaction between M. avium antigens and OVA an unlikely explanation for their activation. It has been suggested that TCR transgenic mice may sometimes express a second receptor (49) , which could presumably recognize M. avium antigens specifically. This possibility was ruled out by testing OT-I Rag Ϫ/Ϫ cells that cannot rearrange another receptor. They also showed bystander activation. Interestingly, HY-specific cells, which recognize the male HY antigen on H-2D b , did not become activated upon transfer to infected female recipients. Unlike OT-I and gBTI-1 cells, HY cells do not undergo homeostatic proliferation in T-cell-depleted female mice (14) . Homeostatic proliferation is the process where T-cell numbers outside the thymus are maintained at a constant level. It also leads to expression of IFN-␥ (9) .
Because this suggested that bystander activation and homeo- static proliferation may have a similar mechanism, the ability of OT-1 cells to proliferate upon transfer was tested with dilution of CFSE label as a measure (24) . The OT-I cells proliferated upon transfer to infected hosts. The rate of proliferation was moderate, with 23% having divided at least once after 2 weeks. Such moderate proliferation again speaks against a fortuitous cross-reaction between OVA and M. avium epitopes, since encounter with the OVA epitope leads to rapid proliferation of virtually all the transferred OT-I cells (22) . Proliferation favored but was not essential for IFN-␥ production, as the majority of cells that produced IFN-␥ had not divided.
Since homeostatic proliferation can lead to production of IFN-␥ (9), we considered whether bystander activation in M. avium infection was actually a homeostatic response to depletion of T cells by infection. However, when OT-I cells were transferred prior to infection and were thus exposed to exactly the same sequence of stimuli as the natural host cells over the following 6 weeks, they still became activated. Furthermore, T-cell numbers do not decline in the infected mice until more than 10 weeks postinfection (16, 25) , while the degree of proliferation we observed was similar to that seen in mice totally depleted of T cells (37) .
Homeostatic proliferation, at least of naïve T cells, is believed to require low-affinity recognition by the TCRs of major histocompatibility complex (MHC) peptide complexes to drive that proliferation. It is the lack of this stimulus that is believed to account for the failure of HY T cells to respond upon transfer to T-cell-depleted female mice (14) . The inference that TCR recognition of self peptides is required for the bystander activation during M. avium infection is reinforced by the fact that cells from CD28 Ϫ/Ϫ mice did not respond on transfer to infected hosts. CD28 reacts with B7 molecules on the antigen-presenting cell to provide costimulation of the TCR. Interestingly, it is believed not to be involved in at least some types of homeostatic proliferation (37), although our own unpublished data indicate a role for CD28 in recruiting CD4 ϩ T cells into division in lymphopaenic hosts. Two hypotheses have been suggested to explain the mechanism of bystander activation during infection. The first suggests that bystander activation is due to nonspecific effects of cytokines without involvement of TCR stimulation. IFN-␣/␤, which is induced by both viruses and bacteria (47) , is a favored candidate (45) . The failure of HY cells and CD28
Ϫ/Ϫ cells to respond in our system would seem to rule out this mechanism, which should act on all cells regardless of specificity. In addition, cytokines act preferentially on CD44 hi T cells (46) , whereas depletion of CD44 hi had no effect on the activation we observed.
Alternatively, it has been suggested that bystander activation may result from low-affinity stimulation of the TCR (13, 50) . While most writers favor a low-affinity cross-reactivity between the transgenic TCR and pathogen, we would suggest the possibility that self recognition is involved, based on the failure of HY cells to respond. This would be analogous with homeostatic proliferation, which is dependent on IL-7 and/or IL-15 but also requires low-affinity recognition of self peptide-MHC complexes (42) . Our data indicate that naïve phenotype cells do respond, but we have no information on the response of memory cells. The major driver of homeostatic proliferation by naïve CD8 ϩ T cells is IL-7, while memory CD8 ϩ T cells use either IL-7 or IL-15 (19, 42) . These cytokines also enhance survival of T cells upon activation by antigen presentation to the TCR (1, 32) . It is known that the infection of macrophages and antigen-presenting dendritic cells by M. tuberculosis induces the release of both IL-7 and IL-15 (12, 41) . The availability of IL-7 and IL-15 is believed to limit the homeostatic proliferation of T cells and to determine the numbers of cells at equilibrium (14) , so logically the availability of an excess during infection could lead to proliferation above the normal limits. We therefore hypothesize a major role for induction of IL-7 and/or IL-15 in promoting the bystander proliferation during M. avium infection by a mechanism that is analogous to that of homeostatic proliferation but is not driven by lymphopenia. It is likely that other cytokines induced by infection, including IFN-␣/␤ and IL-12 (46) , are also needed. In addition, infection is known to increase expression in vitro of costimulatory molecules such as B7 (44) , although in vivo regulation of costimulatory molecule expression is probably considerably more complex. Whatever the mechanism, bystander activation leads to 10% of CD8 ϩ T cells being able to recall IFN-␥ production in vitro, the same level of activation as seen among CD4 ϩ T cells (16) . The fact that their in vivo production of IFN-␥ is lower may simply reflect a relatively low level of stimulation by low-affinity cross-reactive peptides.
If indeed low-affinity recognition of self peptide-MHC complexes is involved in bystander activation, it would serve as a potential trigger for autoimmunity, which is often associated with exposure to mycobacteria (35) . Even if self recognition is not a requirement, activation of such a broad range of CD8 ϩ T cells would be very likely to include self-reactive cells. It has already been suggested that bystander activation during infection may play a role in initiation and maintenance of autoimmune disease by expanding autoreactive T cells to break tolerance (27) . The potential for ubiquitous exposure to infection with M. avium from the environment, resulting in a high incidence of frank infection among susceptible individuals and the probability of subclinical infections in others, suggests the need for further investigation.
